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Device and method for separating blood into leukocyte de- 
pleted blood components 

The present invention relates to a device and method for 
separating blood into leukocyte depleted blood components. 

More particularly, the invention concerns a blood bag system 
used to separate blood components from whole blood and to re- 
move leukocytes from the generated components. 

US-4,596,657 describes a device of the above-mentioned type 
comprising a primary bag for collecting blood, e.g. from a 
donor, which is connected by means of a flexible conduit to a 
first satellite bag and through a second flexible conduit to 
a second satellite bag containing an additive solution; a 
leukocyte filter is arranged in the second flexible conduit 
which connects the primary bag to the second satellite bag. 

The donor's whole blood collected in the primary bag is first 
centrifuged to separate the whole blood into a mixed layer of 
blood plasma and thrombocytes (platelet rich plasma or PRP) 
and an erythrocyte layer (packed red cells or PRC) . The PRP 
layer is then fed into the first satellite bag and then the 
additive solution is fed from the second satellite bag into 
the primary bag. The PRC suspended in the additive solution 
are then fed from the primary bag, through the second conduit 
containing the leukocyte filter into the second satellite 
bag. The known device thus allows to obtain a leukocyte de- 
pleted PRC. 

EP-A-0 879 608 describes a blood bag device which allows 
whole blood filtration and which also allows to obtain leuko- 
cyte depleted PRC. The described device comprises a collect- 



ing bag which is connected to a primary bag through a tubing 
containing a leukocyte filter and also through a by-pass line 
circumventing the filter. The donor's whole blood, collected 
in the collecting bag is first conveyed via the by-pass tub- 
ing into the primary container, wherein it is separated by 
centrifuging into a PRC layer and a PRP layer; the said PRP 
layer is then conveyed from the primary container into a 
first satellite container and subsequently, the PRC layer 
suspended in an additive agent is conveyed from the primary 
container via the tubing including the leukocyte filter into 
the collecting bag. 

However, the removal of leukocytes from the other two blood 
components, namely platelet concentrate (PC) and plasma (PL) 
is also highly desirable. 

In order to meet such a need, EP-A-0 556 303 discloses a 
blood bag system comprising a collecting bag and two satel- 
lite bags wherein each satellite bag is connected to the col- 
lecting bag through respective separate flexible conduits, 
each including a respective leukocyte filter. Whole blood is 
collected in the collecting bag and is centrifuged for sepa- 
ration into its component; then, the filtration of the indi- 
vidual blood component takes place in order to obtain leuko- 
cyte depleted PRP and PRC. The leukocyte depleted PRP may 
then be separated into PL and PC with the use of a third sat- 
ellite bag. 

While the solution of EP-A-0 556 303 is quite simple, such a 
solution is not cost-efficient nor space-efficient due to the 
use of a second leukocyte filter; particularly, difficulties 
may be encountered to fit into the centrifuge bucket four 
bags and two filters. 




An object of the present invention is to provide a blood bag 
device allowing to separate whole blood into leukocyte de- 
pleted PRC, PL and PC which is economical and relatively com- 
pact, i.e. with a reduced bulk with respect to known prior 
art devices. 

A further object of the invention is to provide a device 
which allows the above-mentioned separation with the use of a 
single leukocyte filter. 

In addition, the invention has the objective of providing a 
method allowing whole blood to be separated into leukocyte 
depleted blood components with the use of a single leukocyte 
filter. 

These and other objects of the invention are achieved by 
means of a device comprising: 

- a collecting container for receiving blood, 

- a first satellite container connected, in fluid flow 
communication, with said collecting container through a leu- 
kocyte filter, for receiving from said collecting container a 
leukocyte depleted first blood component and 

- a second satellite container connected, in fluid flow 
communication with said collecting container, for receiving 
from said collecting container a second leukocyte depleted 
blood component, 

characterised in that said second satellite container is con- 
nected to said collecting container through said leukocyte 
filter, flow control means being provided for allowing fluid 
flow from said collecting container selectively to said first 
or second satellite container through said leukocyte filter. 




In a preferred embodiment of the invention, said second sat- 
ellite container is further connected to said collecting con- 
tainer through conduit means by-passing said filter and said 
flow control means are adapted to allow fluid flow from said 
second satellite container into the collecting container only 
through the conduit means by-passing the filter. 

According to a preferred embodiment of the invention, which 
allows to carry out a method of separation of whole blood 
into leukocyte depleted PRC, PL and PC, which will be de- 
scribed in the following, the second satellite container ini- 
tially contains a blood additive for storing erythrocytes 
such as a SAG-M solution and the device further includes a 
third satellite container which is connected, in fluid flow 
communication, to the first satellite container for receiving 
from said first satellite container a leukocyte depleted 
third blood component. 

According to a further preferred embodiment of the invention, 
the blood bag device of the invention comprises sensor means 
for detecting a parameter representative of the presence of 
said second hemocomponent in the filtrate from the leukocyte 
filter and the flow control means are adapted to switch fluid 
flow communication from said collecting container to said 
first satellite container to fluid flow communication from 
the collecting container to the second satellite container 
when the sensor means detect the presence of said second he- 
mocomponent . 

Further characterising features of the device and of the 
method for using the device for providing leukocyte depleted 
blood components are defined in the appended claims. 



The invention will be further described in the following with 
reference to the annexed drawing which provides, by way of 
non limiting example , a schematic representation of the de- 
vice of the invention in a specific embodiment. 

As shown in the drawing, the device for separating blood into 
blood components comprises a collecting container 2, a first 
satellite container 4, a second satellite container 6 and 
preferably a third satellite container 8 which, as known in 
the art, consist of flexible and pliable plastics bags. 

Collecting bag 2, which is adapted to receive whole blood WB, 
may have an associated flexible tubing 10 with a hose clamp 
14 and a terminal needle 12 adapted to be inserted into the 
donor or other whole blood supply source. 

Collecting bag 2 is connected to first satellite bag 4 
through a flexible tubing 16, including tubing section 16a 
extending from an outlet port 18 of collecting bag 2 to a 3- 
way connector 20, tubing section 16b extending from 3-way 
connector 20 to an inlet port of a leukocyte filter 22 and a 
tubing section 16c extending from an outlet port of leukocyte 
filter 22 to an inlet port 24 of first satellite bag 4. 

Leukocyte filter 22, which is adapted for the depletion of 
the leukocyte content of blood components fed from collecting 
bag 2 to satellite bags 4 and 6, as it will be seen in more 
detail in the following, may consist of any leukocyte filter 
device known in the art such as described e.g. in EP-A- 
0 313 348, US-4,963,260 and US-5, 580, 465 . 

Said filter device 22 may include in addition to porous ele- 
ments, specifically adapted for leukocyte removal, additional 



filter elements for the removal of gels and micro-aggregates. 

Downstream of leukocyte filter 22, tubing section 16c has a 
branch off provided by means of a 3-way connector 26, whereby 
the exit from the leukocyte filter is further connected to 
satellite bag 6 through tubing sections 28a, extending from 
tubing connector 2 6 to a 3-way tubing connector 30 and tubing 
section 28b extending from tubing connector 30 to an inlet 
port 32 of satellite bag 6. 

Collecting bag 2 is further connected to satellite bag 6 
through a by-pass tubing section 34, by-passing leukocyte 
filter 22 and extending from 3-way tubing connector 20 to 3- 
way tubing connector 30. 

Valve means, typically consisting of hose clamps, identified 
with reference numerals 36, 38 and optionally 40 are pro- 
vided, respectively on tubing sections 34, 16c and 28b; op- 
tionally, valve means consisting of a hose clamp 42 may also 
be provided on tubing section 28a. 

The said valve means are adapted to cut off flow in the cor- 
responding tubing sections and optionally can be automati- 
cally operated. 

Preferably, in substitution or in addition to valve means 36, 
a one-way valve 54 is provided in tubing section 34 allowing 
fluid flow only from satellite bag 6 to collecting bag 2, to 
prevent unfiltered blood to flow into satellite bag 6. 

The first satellite bag 4 is connected to third satellite bag 
8 by means of a tubing 44 extending from an outlet port 4 6 of 
satellite bag 4 to an inlet port 48 of third satellite bag 8; 



valve means 50 can be provided to cut off flow in tubing 44. 

The method for separating blood into leukocyte depleted blood 
components, with the use of the device of the invention ac- 
cording to the preferred embodiment hereinbefore described is 
as follows. 

Whole blood WB is initially collected into collecting bag 2, 
which may initially contain an anti-coagulation agent. The 
whole blood in collecting bag 2 is then separated, in a known 
manner, e.g. by centrifuging into platelet rich plasma (PRP) 
and packed red cells (PRC) . 

The valve means, as above described, are then operated to al- 
low fluid flow from collecting bag 2 to satellite bag 4 
through leukocyte filter 22, while excluding fluid flow 
through by-pass tubing 34 and through tubings 28a and 28b; 
PRP is then transferred, e.g. by gravity, from collecting bag 
2 into satellite bag 4 passing through leukocyte filter 22 to 
provide leukocyte depleted PRP into satellite bag 4 which is 
initially empty. 

The valve means can then be selectively operated to allow 
fluid flow from satellite bag 6 into collecting bag 2 only 
through by-pass tubing 34, thereby to transfer an additive 
solution (e.g. SAG-M) from satellite bag 6 into collecting 
bag 2 containing the PRC. 

The valve means are then operated to allow fluid flow commu- 
nication from collecting bag 2 into satellite bag 6 through 
leukocyte filter 22, while excluding fluid flow through by- 
pass tubing 34, thereby to transfer PRC suspended in the ad- 
ditive solution from collecting bag 2 into satellite bag 6 
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under filtration conditions which provides for leukocyte de- 
pletion . 

At the beginning of this second filtration step, filter 22 is 
still loaded with the PRP from the first filtration step. In 
order to allow recovery of the PRP filter hold-up into satel- 
lite bag 4, at the beginning of the second filtration step, 
preferably, valve means 38 are open to allow fluid flow into 
satellite bag 4, while valve means 42 and/or 40 are closed so 
as to prevent fluid flow into satellite bag 6; valve means 38 
are then switched into the closed position and simultane- 
ously, valve means 42 and 40 are switched into the open posi- 
tion as soon as the presence of red cells (PRC) is detected 
in the filtrate from filter 22. 

To this end, sensor means (52) may optionally be provided for 
detecting a parameter which is indicative of the presence of 
red cells in the filtrate. 

Sensor means suitable to detect the presence of red cells are 
known in the art and may consist, by way of example, of a 
colorimetric sensor device. 

PRP collected in satellite bag 4 and already depleted from 
leukocytes can be centrifuged again, in a high spin, to se- 
parate plasma (PL) from platelet concentrate (PC) and the PL 
can be transferred into a third satellite bag 8 through tub- 
ing 44. Thus, the described method of use is able to generate 
three hemocomponents (PRC, PL and PC) all depleted of leu- 
kocytes, with the use of a single filter. 

The invention has been herein described with reference to the 
simplest embodiment, wherein the flow control means are manu- 



ally operated valves, such as hose clamps. 



In a further and preferred embodiment of the invention, the 
(preferably disposable) blood bag equipment - as described - 
can be used in association with a (non-disposable) bag sepa- 
rator equipment, such as those conventionally used to squeeze 
the bags after centrif ugation and separate the hemocompo- 
nents . 

Such equipment shall include sensor means for detecting fluid 
flow or the presence of fluid at selected locations of the 
bags and/or conduit means and electro-mechanical valve means 
which are remotely controlled by the sensor means to provide 
fluid flow connection between the bags, according to the 
hereinbefore described process steps. 

Preferably, the sensor means include a sensor which can de- 
tect red cells in the filtrate from leukocyte filter 22 and 
the control means are adapted to switch fluid flow communica- 
tion in order to cut flow through tubing 16c and allow flow 
through tubings 28a and 28b when the presence of red cells is 
detected. 
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CLAIMS 



1. A device for separating blood into blood components com- 
prising : 

- a collecting container (2) for receiving blood (WB) , 

- a first satellite container (4) connected, in fluid 
flow communication, to said collecting container (2) through 
a leukocyte filter (22) for receiving from said collecting 
container (2) a leukocyte depleted first blood component 
(PRP) , 

- a second satellite container (6) connected, in fluid 
flow communication, with said collecting container (2) for 
receiving from said collecting container a second leukocyte 
depleted blood component (PRC), 

characterised in that said second satellite container (6) 
is connected to said collecting container (2) through said 
leukocyte filter (22), flow control means (36, 38, 42) being 
provided for allowing fluid flow from said collecting con- 
tainer selectively into said first (4) or second (6) satel- 
lite container through said leukocyte filter (22), whereby 
whole blood (WB) can be separated into a first (PRP) and sec- 
ond (PRC) leukocyte depleted blood component with a single 
leukocyte filter (22) . 

2. A device according to claim 1, characterised in that said 
second satellite container (6) is further connected to said 
collecting container (2) through conduit means (28b, 34, 16a) 
by-passing said filter (22), the said flow control means (36, 
38, 42) being further adapted for allowing fluid flow from 
said second satellite container (6) into said collecting con- 
tainer (2) only through said conduit means (28b, 34, 16a) by- 
passing said filter (22). 



3. A device according to claim 2, characterised in that said 
second satellite container (6) includes a blood additive and 
wherein said flow control means (36, 38, 42) are adapted to 
selectively: 

- feeding a first blood component (PRP) from said col- 
lecting container (2) into said first satellite container (4) 
through said leukocyte filter (22) to provide a leukocyte de- 
pleted blood component into said first satellite container 
(4); 

- feeding said blood additive from said second satellite 
container (6) into said collecting container (2) only through 
said conduit means (28, 34, 16a) by-passing said filter (22) 
and 

- feeding a second blood component (PRC) from said col- 
lecting container (2) into said second satellite container 
(6) only through said leukocyte filter (22) to provide into 
said second satellite container (6) a second leukocyte de- 
pleted blood component (PRC) . 

4. A device according to any of the preceding claims, char- 
acterised in that it comprises: 

- first conduit means (16a, 16b, 16c) connecting said 
collecting container (2) to said first satellite container 
(4) through said leukocyte filter (22), 

- second conduit means (28a, 28b) branching off (26) from 
said first conduit means (16c) downstream of said leukocyte 
filter (22), thereby to connect said collecting container (2) 
to said second satellite container (6), and 

- by-pass conduit means (34) branching off (20) from said 
first conduit means (16a), upstream of said leukocyte filter 
(22) and connected to said second conduit means (28b) . 



5. A device according to any of claims 1 to 4, characterised 



in that said flow control means (36, 38, 42) comprise sensor 
means for detecting fluid flow or presence of fluid at se- 
lected positions of the device and electro-mechanical valve 
means (36, 38, 42) operated and controlled by said sensor 
means . 

6. A device according to any of claims 1 to 5, characterised 
in that said flow control means comprise sensor means (52) 
for detecting a parameter representative of the presence of 
said second blood component (PRC) in the filtrate from said 
leukocyte filter (22) and automatically operated valve means 
(38, 42) adapted to switch fluid flow communication from said 
collecting container (2) to said first satellite container 
(4) to fluid flow communication from said collecting con- 
tainer (2) to said second satellite container (6) when the 
sensor means (52) detect the presence of said second blood 
component (PRC) . 

7. A device according to any of claims 1 to 4, characterised 
in that said flow control means (36, 38, 42) comprise manu- 
ally operated valves. 

8. A device according to claim 4, characterised in that a 
one-way valve (54 or 36) is provided in by-pass conduit means 
(34) allowing fluid flow only from second satellite container 
(6) to collecting container (2). 

9. A device according to claim 4, characterised in that said 
flow control means comprise valve means (40, 42) in said sec- 
ond conduit means (28a, 28b) . 



10. A device according to any of claims 1 to 5, characterised 
in that said flow control means (36, 38, 40, 42, 52) are as- 
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sociated with a separator device adapted to cause fluid flow 
from the collecting container (2) to the satellite containers 
(4, 6) . 

11. A device according to any of claims 1 to 10, character- 
ised in that it further comprises a third satellite container 
(8) connected in fluid flow communication with said first 
satellite container (4) for receiving from said first satel- 
lite container (4) a third blood component (PL) . 

12. A method for separating blood into leukocyte depleted 
blood components comprising the steps of: 

- providing a blood separator device comprising a col- 
lecting container (2) for receiving blood, a first satellite 
container (4) connected, in fluid flow communication, to said 
collecting container (2) through a leukocyte filter (22) and 
a second satellite container (6) connected, in fluid flow 
communication, to said collecting container through said leu- 
kocyte filter (22) , 

- separating blood collected in said collecting container 
(2) into a first (PRP) and second (PRC) blood component, 

- feeding said first blood component (PRP) from said col- 
lecting container (2) into said first satellite container (4) 
through said leukocyte filter to provide a leukocyte depleted 
first blood component into said first satellite container, 
while leaving the second blood component (PRC) within said 
collecting container (2), 

- adding into said collecting container (2) an additive 
solution for the second blood component (PRC) , 

- feeding said second blood component (PRC) suspended in 
said additive into said second satellite container (6) pass- 
ing through said leukocyte filter (22) . 
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13. A method according to claim 12, wherein said additive so- 
lution is fed from said second satellite container (6) into 
said collecting container (2) through by-pass conduit means 
(34), by-passing said leukocyte filter (22). 

14. A method according to claim 12 or 13, comprising the 
steps of: 

- detecting the presence of said second blood component 
(PRC) in the filtrate from said leukocyte filter (22) and 

- switching fluid flow communication from said collecting 
container (2) to said first satellite container (4) to fluid 
flow communication from said collecting container (2) to said 
second satellite container (6) when the presence of said sec- 
ond blood component is detected in the filtrate, thereby to 
allow recovery into said first satellite container (4) of the 
filter hold-up of the first blood component (PRP) . 

15. A method according to any of claims 12 to 14, further 
comprising separating the second leukocyte depleted blood 
component (PRP) in said first satellite container (4) into a 
third (PL) and fourth (PC) blood component and feeding said 
third blood component (PL) from said first satellite con- 
tainer (4) into a third satellite container (8). 



16. Method according to any of claims 12 to 15, carried out 
with the use of a device according to any of claims 1 to 11. 
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ABSTRACT 



Device and method for separating blood into leukocyte de- 
pleted blood components 

A device for separating blood into blood components compris- 
ing : 

- a collecting container (2) for receiving blood (WB) , 

- a first satellite container (4) connected, in fluid 
flow communication, to said collecting container (2) through 
a leukocyte filter (22) for receiving from said collecting 
container (2) a leukocyte depleted first blood component 
(PRP) , 

- a second satellite container (6) connected, in fluid 
flow communication, with said collecting container (2) 
through said filter (22) for receiving from said collecting 
container a second leukocyte depleted blood component (PRC), 
and flow control means (36, 38, 42) for allowing fluid flow 
from said collecting container selectively into said first 
(4) or second (6) satellite container through said leukocyte 
filter (22) , whereby whole blood (WB) can be separated into a 
first (PRP) and second (PRC) leukocyte depleted blood compo- 
nent with a single leukocyte filter (22) . Preferably the sec- 
ond satellite container (6) is further connected to said col- 
lecting container (2) through conduit means (28b, 34, 16a) 
by-passing said filter (22), and the valve means are further 
adapted for allowing the transfer of an additive from said 
second satellite container (6) into said collecting container 
(2) only through said conduit means (28b, 34, 16a) by-passing 
said filter (22) . 



(Sole Figure) 



